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DATAFILE ON

"Amino Acid Distribution in Calcified and Uncalcified
Tissues of Shell-Forming Organisms"

by

EgonT. Degensand Derek WoSpencer

INTRODUCTION

Largely for reason of limited space, scientific journals can only accept

brief articles. Thus full accounts on analytical techniques, data files, and

other details are frequently omitted, and pertinent information may be lost.

Although this information is only of peripheral interest to the general reader,

to the fellow scientist it is of vital significance.

In order to serve both the specialist and the general reader, we have

prepared a series of manuscripts dealinq exclusively with either background in-

formation or the actual interpretation and discussion of the data.

The present report is aimed chiefly at the specialist interested in calcifi-

cation processes in biological systems, in molluscan ecology and phylogeny, and

in amino acid analyses, It incorporates information on: (a) type, locality,

and environment of sample material, (b) analytical techniques, (c) utilization

of a digital computer and (d) quantitative amino acid analysis in the form of

data sheets, i.e. computer printouts. A discussion of the data will follow in

three separate articles which will be published elsewhere:

Carey, F. G., Do W. Spencer and E. T. Degens, "Amino Acids and Amino Sugars
in Calcified Tissues of Portunid Crabs"

Degens, E. T., D. W. Spencer and R. H. Parker, "Paleobiochemistry of
Molluscan Shell Proteins"

Ghiselin, M. T., E. To Degens, D. W. Spencer, and R. H. Parker, "Signifi-
cance of Shell Protein Variation to Environment and Molluscan Phylogeny"
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SCOPEOF STUDIES

Work on mineralization phenomenain biological systems points in the direc-

tion that the organic matrix in shell carbonates provides a set of highly

specific templates which act as nucleation sites and appear to exercise control

over modeand orientation of the carbonate phase(I-4) Furthermore, there is

indication that the amino acid composition of the shell proteinace_us matrix

is species characteristic (4-II) Inasmuchas a wide variety of amino acid

spectra are obtained throughout shell-forming organisms, comparative biochemical

studies becomefeasible and may throw somelight on aspects of environment and

phylogeny.

As a start, we investigated a series of molluscs and a few other shell-

secreting invertebrates. The selection of the specimenswas done purely on

I) Wilbur, K. Mo and C. M. Yonge, Ed., "Physiology of Mollusca," Academic
Press, NewYork (1964)

2) Moss, M. L., ed., "Comparative Biology of Calcified Tissue," Ann. N. Y.
Acad. Sci., 109 (1963)

3) Glimcher, M. J., in "Calcification in Biological Systems," 421 (Publica-
tion No. 64 of the American Association for the Advancementof
Science, 1960)

4) Hare, Po E., Science, 139, 216 (1963)

5) Degens, Eo T. and S. oLove; Nature, 205, 876 (1965)

6) Hare, P. E. and Po H. Abelson, Ann. Report Dir. Geophys. Lab., Carnegie
Inst. Year Book 63, 267 (1964)

7) Degens, Eo To and H: Schmidt, Pal_ontologische Zeitschrift, (1966)(in
press)

8) Stegemann, H., Hoppe-Seyler's Ztschr, phys, Chem,331, 269 (1963)

9) Bailey, K. and To Weis-Fogh, Biochim, biophys, Acta, 48, 452 (1961)

I0) Piez, K. A., Science, 134, 841 (1961)
l •

II) Florkin, M., C. Gregolre, S. Bricteux-Gr_goire and E. Schoffeniels,
Compt. rend. des seances Acad. Sci., 252, 440 (1961)
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biological grounds so as to cover a wide phylogentic range from ancestral

("primitive") to derived ("highly evolved") forms_ Moreover, we tried to incor-

porate a certain numberof marine specimenscoming from habitats characterized

by water temperatures ranging from -2° to +40° C, salinities from I0 to 80°/oo,

and water depth from I/2 meter to about I00 meters.

The principal objective of our study was to showthe significance of

the shell-protein variation to environment and molluscan phylogeny. In addi-

tion we determined the amino acid composition of the mantle, the periostracum,

and the ligament in a numberof specimens to obtain more insight into factors

governing the calcification of the shell organic matrix. For comparison we

further studied mineralized tissues of crustaceans (Portunid crabs), echino-

derms, bryozoa, brachiopods, and siliceous sponges.

SAMPLEMATERIAL

The specimens included in the present study fall into three principal

categories: (I) living material collected shortly before analysis, (2) ethanol-

preserved organisms, and (3) specimensobtained from various collections. It

should be pointed out that most of our samples actually belong to the first two

groups and largely represent forms which were collected over the last three

years as part of the WoodsHole Marine Biology Laboratory Ecology Program (Dr.

Ghiselin and Dr. Parker). The Museumsamples of our collection are marked with

an asterisk (Table I); all others can be considered as fresh forms, because

there is actually no difference in the amino acid spectra of ethanolrpreserved

organisms and those obtained from the sameliving shell material.

The samples in Table 1 (pp. 5-12) are arranged according to established

biological classification schemes, and within each class in alphabetical order.

Environmental information, as accurate as possible, concerning water temperature,

salinity and depth is included. One should, however, bear in mind that for
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obvious reasons only ranges rather than absolute figures can be ascertained.

Weare presently set up to analyze for the 018/016 and C13/C12 ratio in shell

carbonates. The oxygen isotopes in marine carbonates will indicate the precise

temperature for the carbonate formation and eliminate the noise level.

Inasmuchas most of the shells were analyzed for their aragonite and cal-

cite content by X-ray analysis, the aragonite/calcite ratios are included.

ANALYTICALTECHNIQUES

Io Decalcification Procedure

The great excess of calcium carbonate over shell organic matter and the

serious interference of Ca+2 in the final amino acid analysis make it necessary

to decalcify the shell material prior to ion-exchange chromatography. This can

be done by various means:

a) the use of decalcification agents such as ethylene diamine tetra-

acetic acid (EDTA),

b) the dissolution of CaCO3 in cold HCI in the presence of 10% trichloro-

acetic acid (TCA) _6), and

c) the removal of Ca+2 from the carbonate hydrolysis liquor by either ion-

exchange resins (5), Cu-complexed Chelex resin (12), or hydrofluoric acid.

We adopted the trichloracetic acid method for two reasons. First, it is

rapid and parallel runs on the same shell material indicated no disadvantages

compared with the slow EDTA decalcification procedure. Second, another labora-

tory presently engaged in similar studies developed and routinely employ_ this

technique (Drs. Hare and Abelson, Carnegie Institution, Washington, D. Co).

12). Siegel, A. and E. T. Degens, Science, 15__]_I,1098 (1966).
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In the following, a brief outline of the TCA decalcification procedure

is presented.

After selection of the fresh shell specimen, the shell is opened and

thoroughly freed from organic soft parts such as the muscle and mantle

material, as well as cleaned from extraneous periostracum and ligament. This

is done by means of razor blades, because even a brief treatment with Chlorox

or NaOH was found to remove or alter the shell organic matrix to a certain ex-

tent. Consequently, the shell had to be broken up into small pieces to insure

that all interfering proteinaceous substances were completely scraped off. In

general 200 mg of sample material yielded sufficient organic matter for analy_

sis; but in certain instances, e.g. in the case of the highly specialized Murex,

up to I0 grams of shell material were required for a good amino acid run.

Subsequent to the cleaning operation, the coarsely powered shell fragments

were treated with a I0 per cent trichloroacetic acid solution to which HCI was

added in quantities stochiometrically necessary to dissolve all calcium carbon-

ate. The reaction was finished in a few minutes and the suspended organic

flakes were centrifuged at I0,000 rpm for I0 minutes at +4 ° C. The organic

residue left after the supernatant had been removed was washed twice with a

dilute TCA solution. After this treatment, the sample was ready for hydrolysis_

2. Amino Acid Analysis

The organic remains after being transferred to an hydrolysis tube were

hydrolyzed with 6 N HCI for 22 hours at IIO°C. in vacuo. In general, a set of

ten samples was decalcified and hydrolyzed, because our Rotary Evapo-Mix

(Buchler Instruments, Fort Lee,"New Jersey) holds this number of outlets for

the evaporation and removal of both the hydrolysis liquor and the two subsequent

washings with distilled water. This three-step vacuum evaporation will take

less than 15 minutes at a water bath temperature of 60°C. Subsequent to this
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operation, the dry sample is picked up with 1 ml. of a pH 2.2 citrate buffer and

is then ready for the amino acid analysis.

Although care had been applied to secure a quantitative recovery of the

total proteinaceous matrix from the shell, in cases where little organic mater-

ial was present relative to the bulk of the carbonates, a small loss during the

decalcification of the shell carbonate mayhave occurred. This applies certainly

to the rest of the samples having a greater percentage of shell organic matter;

here, however, the loss of a "tiny organic flake" is of less significance.

The mantle, periostracum, and other tissues were prepared for analysis by

direct hydrolysis for 22 hours, and after going through the procedure outlined

above, the dry hydrolyzate was adjusted with a pH 2.2 citrate buffer to 1 ml.

In most instances 1 to 5 mg of sample material were hydrolyzed.

It should be pointed out that all specimens studied were aim-dry. This was

done to avoid any alteration due to excessive heating. In evaluating the quan-

titative data for the total organic matter in the accompanyingdata sheets, this

feature has to be taken into account. A determination of the amount of water

left in the samples and the element analysis for carbon, hydrogen, and especially

nitrogen are desirable to (I) adjust the reported figures on total organic

matter and (2) to check on the percent recovery, particularly in samples where

little organic matter is present. A carbon-hydrogen-nitrogen train is presently

in operation. In view of the fact that the total organic matter in the shell

carbonates ranges from 0.01 to about 5%of the total CaCO3, a general survey of

the C/H/N relatipnships in shell forming organisms might have a r_ward on its

own.

The wide variation in amino acid composition of the shell organic matter

within the molluscs suggested a multi-component protein-peptide system. This

viewpoint on the "Heterogeneity of the Shell Proteinaceous Matrix" was confirmed
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by factor analysis and preliminary solubility tests on Mercenaria. The calci-

fied tissues of Mercenaria were subjected to enzymatic and chemical degradation.

For example, some components appeared to be soluble in alkaline solutions (car-

bonate buffer), and others in dissociation reagents l_ke 90% formic acid. It

should be emphasized that most of the reactions were rather slow and required

up to three weeks time for completion. Least effective was the enzymatic

treatment (trypsin), but other enzymes are presently tested. The solutions

were subsequently fractionated by means of gel-filtration (Sephadex) and the

individual fractions were collected and hydrolyzed for 22 hours with 6 N HCI.

This investigation is still in its preliminary stage but the amino acid data on

various fractions of Mercenaria obtained by the degradation studies are in-

cluded in this report.

We are presently determining by means of moving boundary electrophoresis

(Perkin-Elmer Model 238) and other analytical techniques certain properties of

the individual peptide fraction such as molecular weight or iso-electric point.

In addition to Mercenaria five other specimens are included in this study,

namely, Mytilus, Haliotis, Nautilus, Laevicardium, and Succinia.

3. lon-exchange Chromatography

A high-pressure system (800 psi) for the automatic analysis of amino acids

is illustrated in Figures 1 and 2. It is based on the general procedure de_

veloped by Stein and Moore (13) and Spackman et al. (14) However in comparison

to previous techniques it has the advantage of being more sensitive, faster,

and fully automatic° A similar system has been designed by Hare and Abelson (6)

(15)
and Hare

described.

13).

14).

15).

The principal features of this accelerated technique are briefly

Moore, S., W. H. Stein, J. Biol Chem., 192, 663 (1951)

Spackman, D. H., W. Ho St_in, and S. Moore, Anal. Chem., 3(], 1190 (1958).

Hare, P. E. Fed. Proco, 2__55,709 (1966)(Abstract)
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A pH 4.26 citrate buffer reservoir is connected via a Beckman Accu-Flow

pump (Spinco Division, Palo Alto, California) to four high pressure solenoid

valves (Skinner, New Britain, Connecticut)° The valves in turn are controlled

by four separate timers which can be operated both manually and automatically

(Eagle, Signal, Moline, Illinois). A high pressure nylon coil, acting as a

reservoir for the pH 3.25 citrate buffer, has a length of 30 ft and an I. D.

of 3/16", which is about equal to a capacity of 80 ml. The coil serves a

dual purpose; it acts as a buffer reservoir and simultaneously it eliminates

the stroke effect of the pump upon the resin. The ion-exchange columns follow_

ing the coils are 6 ft. long and have an I. Do of I/4" (Polypenco Nylaflow

Pressure Tubing). It should be noted that columns having a smaller I. D. of

3/16" or I/8" work satisfactorily and give higher sensitivities; their princi-

pal shortcomings are, however, frequent repacking, i.e. after 6 to 8 runs, and

less perfect separation for some of the amino compounds.

The column effluent has to pass through 180 feet of 1/26" teflon spaghetti

tubing placed in a boiling water bath; prior to the reaction bath, ninhydrin is

pumped into the system at half the flow rate of the buffer system. The stained

solution is measured at 570 and 440 mb by an LKB Multichannel Absorptiometer

(Stockholm, Sweden) and events are recorded on a Honeywell Recorder (Philadel-

phia, Pennsylvania)° A Dual-Channel Digital Integrator and Printer (Infotronics,

Houston, Texas) allows a simultaneous integration and digital readout of the

area under each peak.

For the basic amino acids the procedure is essentially the same. It

differs only in the buffer system, i.e. I0 ml of a pH 4.25 citrate buffer is

followed by a pH 5.28 citrate buffer, and in the length of the ion exchange

column which is 1 ft. The two buffer system allows a perfect separation of

galactoseamine, glucoseamine, OH-lysine, tryptophane, ornithine, and lysine.
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To reduce the stroke effects of the basic pump on the resin, 30 ft. of 3/16"

nylon coil are attached between ion-exchange column and pump outlet.

All digitized peak areas from both the acidic+neutral and basic runs are

finally programmed and fed into a GE 225 computer (see pages 21-27). Although

the highest sensitivity of this ion-exchange system is in the neighborhood of

lO-ll molar for the common amino acids, concentrations smaller than lO-9 molar

cannot be integrated and digitized automatically, because the signal from such

a small peak is not strong enough to trigger the integration_ Thus should con-

centration fall below lO-9 molar, the areas have to be integrated manually; the

calculation of the final data, however, is also programmed. The reproducibility

of the system is better than I% at the lO-8 molar level.

Resins tested for their high pressure performance include (1) Chromo-

beads, Type B (Technicon Chemical Company, Chauncey, New York), (2) Beckman

Custom Research Resin, Type AA-15 and AA-27, (3) Aminex-SB Spherical Resin (Bio-

Rad Laboratories, Los Angeles, California), and (4) Dowex 50 x 8 resin. The

Chromobeads are now routinely used because they show the least pressure effects.

The water jacket temperature in case of the acidic+neutral columns is set at

56 ° Co and in case of the basic column at 52 ° C.

The system as outlined has a four-sample-a-day capacity. The routine

schedule is four basic runs durinq daytime (830 to 1600) and the corresponding

acid+neutral runs at night (1630 - 800). The instrument requires a two-hours

attendance for loading and regeneration of the four-set columns. The total cost

of the auto-analyzer is $7,600 for the ion-exchange part plus $8,300 for the

Dual-Channel Digital Integrator°

At present,we are building an improved system with a 12 samples-a-day

capacity for continuous unattended operation in order to match the increased

demand of amino acid analysis in the Department of Chemistry and Biology at the



- 20 -

WoodsHole Oceanographic Institution. This instrument differs technically from

the previous one in the following features:

a. The LKBAbsorptiometer will be replaced by three Gilford (Model 300)

Micro-Sample Spectrophotometers which will be set at 404 m_ for the acid+neutral

runs and at 570 mu for the basic runs.

b. The analytical signals are stored on magnetic tape rather than being

integrated directly, and are played back later at 16 times the recording speed

of the amino acid analyzer.

Apart from tripling the output, these feature_ will improve the sensi-

tivity of the instrument (lO-12 molar; lO mmflow cell) and allow an automated

readout of the individual peaks at concentrations as low as lO-lO molar. In

case the amino acid concentrations should fall below this level, a computer

program is set up to determine the areas and absolute amino acid values d_r_ctly

from the magnetic tapes.

A novel approach to eliminate the difficulties of pumping small volumes of

buffer through the columns with commercially available pumpshas recently been

madeby Hare(15) He replaces the customary buffer and ninhydrin pumpsby a

regulated nitrogen pressure to force the solvents through the columns and reac-

tion coils. Weintend to incorporate this suggestion in our new design. The

total cost of the improved instrument with a 12 sample-a-day output will be

around $24,000.

TREATMENTOF DATA

The treatment of data falls naturally into two categories.

I. Computation of the residues per thousand of each amino acid from the

sample area output of the chromatograph.

2. Statistical studies on the residues per thousand data.
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The computation of the residues per thousand, together with various other measures

of the amino acids, was accomplished by a computer program called "AMINO ACIDS"

written by Miss N. Lockwood. A description of this program and a graphical out-

line (Figure 3) are included in this report. The statistical studies, involving

the techniques of factor analysis, multiple regression and canonical correlation,

are currently underway and will be the subject of a later report. The computer

programs utilized in this phase of the study may be found in two reports by

Spencer (16,17).

DESCRIPTION OF "AMINO ACID" PROGRAM

I. Scope

The purpose of the program is to compute the amount of amino acids con-

tained in a sample from the digitized areas produced by the chromatograph.

Written in FORTRAN II for the GE 225 computer, the program requires as input:

a) The areas of standard amino acids

b) Molecular weights of amino acids

c) Weights of nitrogen equivalent to amino acids

d) Number of micromoles of standard

e) Factor for computation of the micromoles per gram from the number

of micromoles.

f) Areas of the sample amino acids

The output consists of a printout of:

a) Number of micromoles of amino acids

b) Micromoles of amino acids per gram of sample

c) Number of amino acid residues per thousand

16) Spencer, D. W., Unpublished manuscript, Woods Hole Oceanographic Institu-
tion (1966), in press.

17). Ibid., Woods Hole Oceanographic Institution (1966), in press.
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==

PA

FLOW DIAGRAM FOR AMINO ,4C/D PROGRAM

PRINT

I _ST_I_RD AREAS

"°RUN NO, SAMPLE NAME, LO-

CALITY, SAMPLE TYPE, FACTOR

OR EROMOLES OF STANDAR

ITC PRESENT ABSENT

-- OFF

MICRO IOLES

BLANK _ _N_TE ST _BLANK

MOLES =

SAMPLE AREA X

MOLES STANDAR[)

t

MOLES/GM =

MOLES x FACTOR

I

I CALCULATE
SL_ OF

MOLES/GM

CALCULATE I

RESIDUES / tOOO =

# MOLES / GM
.... X eGO0

SLIM _ MOLES/GM

CALCULATE

s%....
t

CALCULATE

% CONCENTRATION =

GMS/GM X tOO0

SUM _ GMS/GId

CALCULATE

GRAMS/GM =

MOLES/GM x

MOLEC WT

CALCULATE

_GRAMS N =

EQUIVALENT

GRAMS/GM x

NITROGEN

CALCULATEs_

CALCULATE I

% N_TROGEN =

_ GMS NITROGEN

sT_7 G._ _-_'OGENX ,co

NT PUNCH

Fig. 3. Flow Diagram for AMINO ACID Program
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d) Micrograms of amino acids per gram of sample

e) Amino acids as weight percent of total protein

f) Micrograms of nitrogen per gram of sample for each amino acid

The following options are provided:

l) Micromoles per gram may be used as input instead of the sample

areas.

2) Several jobs, each with a different standard, may be run without

reloading the program.

3) The micrograms per gram of each amino acid may be obtained as

punched as well as printed output.

A flow diagram of the computation scheme is given in Figure 3.

2. Operation of Program

Parameter cards required:

Card I. Columns l-lO PUNCH - if micrograms per gram are required as

punched output

DONT PUNCH - if micrograms per gram are not to be

punched

Card 2. Columns I-5 NOACID - number of acids (no decimal point, must

be right-justified)

NOSALT - number of compounds other than amino

acids (begin counting at 50, eg. if there are

four compounds this value will be 53. No

decimal, must be right-justified)

Card 3 - A set of cards with the names of the amino acids punched one to a

card in columns 1-21. The order of the cards must correspond to

the ordinal number of the individual amino acids that appears on

the data cards. The number of acids may not exceed 49 and the

number of compounds other than amino acids may not exceed II with-

out a change in the dimension statement of the program.
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Card 4 - A set of cards with the standard areas, in the same order as the

acid names, punched, ten per card, in columns I-8, 9-16, 17-24,

25-32, 33-40, 41-48, 49-56, 57-64, 65-72, 73-80. Each number

must be right-justified and no decimal point is needed. Use as

many cards as required. If micromoles per gram are used as input

the standard area cards must be omitted.

Card 5 - A set of cards with the molecular weights of the amino acids

punched, ten per card, in the same columns as the standard areas

and in the same order as the acid names. The numbers need not be

right-justified but a decimal point must be included. Use as many

cards as required.

Card 6 - A set of cards with the weight of nitrogen equivalent to one mole

of each acid punched in the same format as the molecular weights.

Data cards:

Card I. Columns 1-15

16-45

46-75

Card 2. Columns 1-30

Card 3 - a)

b)

run number (begin in column I)

sample name (begin in column 16)

locality (begin in column 46)

sample type (begin in column T)

31-40 factor (must have decimal)

41-45 micromoles of standard (must have decimal)

If areas are used as input:

A set of cards with the acid identification number in columns

I-5 (no decimal point, must be right-justified), and the area

in columns 6-15 (no decimal point, must be right-justified)

If micromoles per gram are used as input:

A set of cards with the acid identification number in columns

I-5 (no decimal point, must be right-justified), and the
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micromoles per gram punched in columns 6-15 (must have a

decimal point)

Remember that the identification numbers of compounds other

than amino acids start at 50. Use as many cards as required.

The card deck required to run the program is illustrated in Figure 4,

Note that each set of data cards is followed by a blank card and two blank cards

will return control to the monitor.

3. Operation of Options

I. Sense switch l down. Reads in micromoles per gram (remember to omit

the standard area cards).

up. Reads in sample areas.

2. Sense switch 2 down. Data for more than one standard may be read

in. The program prints out "CHANGE STANDARD

AREAS...TOGGLE ZERO TO CONTINUE". Remove cards

in the deck preceding the standard areas. Re-

place the standard areas with the new set and

replace the old data cards with the new data

cards.

up. Only one standard may be read in.

3. For punched output of micrograms per gram put "PUNCH" on the first

parameter card. Othewise put "DONT PUNCH".

4. Output

Exampl@s of the output appear in the data tables of this report. Where

micromoles per gram have been used as input the columns headed "Area" and "Micro-

moles" appear blank and a dummy number is printed as the factor.

During the hydrolysis of the proteins, cysteic acid and taurine may be

produced from cystine and methionine sulfoxides and methionine sulphone may be
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DECK

OF

MAKE-UP FOR EXECUTION

AMINO ACID PROGRAM

BLANK CARD

BLANK CARD

TEST DATA

BLANK CARD

IDENT TEST

WTS. T

ACID NAMES

NO. SALT

PUNCH

CALL DATA

BINARY DECK

BINARY

XEQ

FORTRAN

SYSTEMS

LOADER

Fig. 4. Deck Make-up for Execution of AMINO ACID Program
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produced from methionine. The contents of these products are reported in

micromoles per gram but for the later columns they are set to zero and their

equivalent added to the parent acids by the following statements, where all

units are micromoles per gram:

Cystine = Cystine + Cysteic acid x (121.15/169.16) + Taurine x

(121.151125.15)

Methionine = Methionine + Methionine sulfoxides x (149.22/165.22)

Methionine sulphone x (149.22/181.22)
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FORTRAN LIST

C
C

C

C
C
C
C

C

C
C
C

C
C
C

C
C
C
C

C
C

C
C
C

C
C
C

C
C
C

C
C

C
C

rM;,,.,;. AF:;i, o,-:jL:.:-P,AM _':)R _. DEEENH RY N. ._OC,_WOOD OCTOBER,19_5

REVISbD _-'aeCH, i96_ TO ALLOW PJNCHIr, G 3UT COLUMN[I,5]

REVlShD MAiL;N, l_qbb, I0 ALLOW INPUT OF MICRDMDLES PER GRAM

REVISED mFKiL,19ob TO ALLO'W REAUI:'JG IN MORE THAN ONE STANDARD

NOACID iS THI_ C,_U,'I,BE_ OF ACIDS

NOSALT [._ FHE NUM_E,'( OF B..A_I:S

IACIP, IS I_ t,iAMr"OF THE SUBSTANCE

AREA_ IS iH_ AREA OF THE :ETANDAND SAMPLE

GFIM{]LI:: IS l,-IE MOLECULAR WEIGHT OF THE SUBSTANCE

XNi FRU I_ THIz MULECULAR WEIL;NT OF T_.E NITROGEN IN THE SUBSTANCF

COLI.IMN[I,;"] = MICROmQLES UF THE TESI SUBSTANCE

COLtiMr_[I,JJ = HiCWC)_'IOLES PcM{ GRAM OF T_E TEST SUBSTANCE

COLUMN[I,4_ = R,-sIr)UES PER '1000 TOTAL RESIDUES OF THE TEST 5AMPLE

COLU_rq[I,-_] - HJ[CRO,._RAMS P=R GRAM OF THE TEST SUBSTANCE

C{]LUMN[I,6] = PERCE;,BT CONCENTRAT!ON OF THE TF:ST SURSTANCE

COLLIMN[I,)J = M'ICHO'_RAMS OF" NITROGE._ I_ THE T_ST SU_STANCE
COLUMf_[I,_] = PEF_CEi'_T OF NITRO3EN I,'_THE TEST SUBSTANCE

IRHNND = ,wiJ,_NU_HcW

ISAMP : _AMPLE

LOCAL : LUCALIIY

ITYPE = l'YPc

SPLSIZ = biLE Oi- 5TANUARU IN MICRuMOLES

ISw1 =I PU!'_L;_

: 2 U[):'ITPU.rJCH
SEHEE S_IIL;H 1 DO_N - INPUT []F MIUR_JML)LES PER GRAM

SI:h_E Sl,.'II[;_:L l;H - INPUT OF AREAS

sEr,.sE SwIl(_'.rl_ UU_N - Ai..LONS READIN_ IN OF DATA FOR MORE THAN ONE

STAiwOARD

SENEF _I,_II'GM 2 L!F - ONLY ,JATA FOR ONE STANDARD MAY HE REAd

QOI._UMN[I] = P_or_Y COLUMN S_:T U_ TO _EPBACE C_FRTAIN VALUES I,,_

CULUMN[].,,.I] IN ORDER I0 COMPUTE THE FOLLOWING COLUMNS

Dlt'_hNElOi'. L_",MuL0cLbCI ],X:_ilTRO[60 ],A_EAS[60 ],,COLUMN(6O ,8],
IRAIXEA[OU .l,5Uh[o],IACIDl_OO ,7],ISAMFIIO],LOCAL[.10],ITYPE[IO]

2, II-kUNNO['_,XCUL[91L)],OOL_JMN[oD]

176 REAl) IO0, lt-'UN
IF [IP0.1N-i_OlOW.I 17U,171,1/g

171 ISwl=l

GO ]0 17P

.1-10 IF []Pt!i_-b_o_j 124,113,_7_

173 I Sv_l=_

GO 10 12:2

.174 PRINT 17_

.175 FORMAT [b)'_iCA_£_ L;O,_TAININL_ -PJNCH* OR *DONT PUNCH* HAS BEEN OMITT

ihD,//,6bH PLACE THIS CARD ].[_FRONT oF DATA DECK AiWD TOGGLE ZERC) TO

PALIEE

GO TO .I.7e

3.72 READ 1)O, ;,!HACIL},NObALI
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180 FOR._4AT [_I_]
DO 10 I=.!,:,J{)A(JID

10 REAl] i0{}, tIACIO[I,J],J'I,7]

1DO FORt_AT [7A_w,J

DO 13.1 I=_OJNiJ.'.';ALT

111 READ 100, [IA{;IU[i,J],J=I,7J

IFJASF"NOSALT÷E

192 IF tSENSE". 5_IICM

80 READ lD1, {_.REAS[

PRINT 900, {I,ARE
900 FORMAT [bI_HiTH6

IARE,///,_,il HAg!

70 READ 101, [GMi'IC)LE

READ 3.01, [XNIFHU

101 FORf.,A1 [IDF,_.O]

16 DO 24 K=I,',IUACID

RAREALK]=O.

D(} P.4 J=2,B

24 COLIJMi,,I [K, J I = U. O
DO 2._ K=bU,i_C)_ALT

RAREA[K]=U.
DO 2t} J=2,5

2..5 COLUMN [K,pJ] =0.0
DO 11 I=1,8

11 SUM[I]=O.O

102

53

71

77

75
74

533
103

27

20

51

3.] 70,80

L],I=I,_OACID],[AR=AS[I],I=SO,IBASE]

ASLIJ,I=I,NOA_IDJ,[I,AREAS[I],I=50,IBASE]

TA_DARD AREAS USED IN THE FOLLOWING CALCULATIONS

b J_UMBER,_X,4_AREA,//,[gX,12,BX,F8.O]]

[]],I=I,NOACIDJ,[GF;MOLE[I],I=50,NOSALT]

[I],I=i,NOACID],[Xi_ITRO[I],I=SO,_OSALT]

REAU 102, [IkUNNO[I],I=I,}],[ISAMP[I],I=I,IO],[LOCAL[I],I=I,lO],

I[I]YP_[I],I=I,IU],F_CTON,SPLSIZ

FORMAl [SIDA3J,/,IOA3,F_O.3,F_.3]

IF [IRUNNO[1]-lg972b] 8_,90,33

K=ACID NUMBC_ D_EA=RAREAtK]=AREA OF THAT ACID

IF [SENSe Sv,IICN i] 71,5_0

READ I08, ik,CULU

IF [KJ 3.?,22,77

COLUM:_[K,_}=CULU
IF [K-SO] 7o,75,7b
IF [K-NOSAL[] 7_,73,74
LM=K-o

COLUM,_[LM,SJ:COLUHNLK,3]
K:Lit

GO TO 73
READ I03, K,DARiA

FOPriAT [I9,FIO.U]

IF IK] i_,!2,27

RA_EA[K]:DA_

IF IK-50] _Z,_I_,2U
IF LK-NO_LT] 52,_1,5_

COI_UMN[K,Z]=R_EA{KJ-_PL$IZ/AREASLK]

GO TO _3
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OOL

QUL

DO

_OL

OOL

115L

b2 LM=K-3

COL UBrJ [ Lf':, 2..] =r(ARFA [ 4 ]*.5PI. 3IZ/AREAS{K ]

ARRAS LLM ] :-,_RE,_ S [_,]

RAV:FA [L!'11 -',::APLA [ K ]

K =l._.;

53 IF [AhEA<,L'(]] 5,+,_5,54

_5 COL.IIMJ_ [_sL ] -0.

b4 COl_,j _,,N [ K, ,.S] = C._JL U'_!r- [ ._, 2 ] ,,F A C,T 0 R

13 COLUi4;'I [ I_., 31 =CllLUMN [ K, 3 J wGM;'IL)LE [ K ]

COLijtii_ [ K, 7 ] = CIJLU:d_'t [ K, 3 ] _,X i_t I TRO [ K ]

GO T{} 36

31 IF [AREA_{.KJ ] ,'_,07,3_
37 COLtJMN [K,_] =I-I °

GO 70 39

35 COLIJMN [ K, 2_ ] =RAi:tI:A [ K ] *SPL5 ]. L/AREAS [ K ]

_9 SUM [ 2 j =SbPI [ _' ] "COLU:t;_ [ K, _ ]

COLUtIN [ K, 0 J =CiJL tJi-1!_(r_,, 2 ] ",FACTOR

76 SU:4 [ 3 ] -- S(tM [ ,i ] +CuLU,"i,',_ [ K • ,..t]

UO TO 33

:1.2 .QOLIiMI,_ [ "t ] = 0.

OOLt;Mi.J [ it ] --3 •

QOt_ijNI,i[3} =u •

QLILUM,,i [ 4 ] = C UL UMi,,I [ _, O ]

U I_lf'J [5 J :CtJI OMN{.D_,O]

U H m [ O ] = 3.

901 [=/,12

901 t/MI1 [ 1 ] =_JULUMi'; [ i, _ ]
l.lbli4[13 j : C _LIII'IN 113,3 ]÷CULUMN [3., ._] " J.21 •15/169 • i6+COLUMN [2,3 ]*121 •

i2_.i.5

OOL.L.tMN[I_J =COLLlItN[14,5]

OOLUMN [3._ ] = COL d'._P4[ i_ ,,5 ) .',.C UIL U MN [,_, 3 ] ,,149 •22/165 • 22+COLUMN [6,3 ]*14O •

12_I181,2_L

DO 90Z l:lS,tq(JAg!D

9U2 QOLUMN [ I ] :CU!.ti'41'4[ I, o ]

[]0 9U3 I--bO,._Ju._ALT

903 QOt.UMN [ I ] =[IULLJI,II_ [ I, _ ]
YSLIFI= u.

DO 904 I:3.,,_QAC/I)

904 YS[Ii-i=YSU;-I*[JL)LU:4N[ I ]

DO 14 I:I,rqUACID

COLUMw [ i, _ ] = OLtLLiHi_. [ i ] -10 OU ./YSJM

SUM [ 4 J =SUM [ 4 ] ***COLUMN [ I, _ ]

COLUMN[ [,#J=QULdMN[ _ ]*G_I_OL_[ I ]

14 SUM [ 5,1 =SUM [ _ ] ",-COLUrtr_I [ I • 5 ]

DO 15 I=I,'ILIACIU

COLtI._N[ 1,6]-CULUMN[ I,bI"luU.ISJM[5]

SUM [ 6 ] =SuM [ O ] -,-C ULUMr', [ I • O]

C(}LLIMI4 [ I, ] ] = OU!_U_'IN I.i ] ,,XN] 'IRO[ I ]

15 SUM[7J=SUM[ 1]-,-(:uI_UM,'=[I,7]

I]0 16 I=l,_OAbl_i
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CO[.IJ_-;,,J [ I , 6 j ---
16 SUM [ _ ] :.SUM [ -3

XSIJ_i:_IIM [ / ]

DO 60 ]:SU,.'I

60 X SI.J Pi= )( ._! I M÷ ,_.U

PRIr_T .1.04, [

I[IIYPE[Ij, i:

104 FQRhAT [!..I.-_].

1, lOA.3,/,Sh I

PRINT lob

:1.05 FOR_'_A i [gX,,_

1E.S M | CM[l(.i

2 iU_}U #_

3AL RFbIL).,I)

81 flO _.4 I:l,_:u

et4 PRIhT 501, [ i

501 FOF(MA; [:l.X, /

PRINT 50_, E

bU2 FORMAl" [/,7H

14X,FG.2,////

DO t_5 l:Ob,l,J

65 PRIqT 5U3, [

bO3 FO_-_f"'.Al i,'1.A,i

GO lO 86

CuLU_t,' [ _, 7 ] -lu LJ./Li JtI[ / 1
} ",-CbLUM,'_ [ i • 8 ]

i1!- AL'r

Ir_UN',,tj[l], I-l,_J, [ISA._'iP_I],I=I,IO], [LOCAL[I], I=1.10],
I,iO],F.CFOR

RLi_ ,_UFIrJ_R,ZX,_A3,/,7N _AMPLE..GX,IDA,I,/,gH LOCALiTy,4X

YP_-, oA.iOA5,/, /H FAUTUR,GX,FIO.3,,////]

A_: IU, 12X, 4HA_EA, 6X, .)ShM i C£3FIOLE5 M ICI40MOLES RE¢IDU

RANI_ PERC_ F, !IX,_iHN I TROGEN,/, 49X, 6HHPER GRAM PER

R GRAI_ CONCcN- MICROGRAMS PERCENT,/, 5gX, ].2NTOT

X, /H'rI_A [ ION,///J

I,C- 21 Bi,U2

A{:ID

AC|Ut |,J],J--'1, l J, [COLUm,_[I,J},J:3,8]

Aa, ZmX, F 9.4,5X, F6.2,5x, _10.4,4X, F5.2, _X, F9.2, bX, Fb.2]

!q IALS, 4.LX, F v.4,',X,F/._, 3X_ F12.4,3X, FG. 2,3X,F11.2,

]
{)b,_LT

I *C t u L i _ J ] , J:1,7 ] , _r}LUM4 [ I, 3 ] , COLUMN [ I • 5 ] , COLuMh [ I.7 )

A,_, ;-o_, F 9.,4, inx, F1[I. 4, I_X, c9.2 ]

82 [10 17 I:l,_Uat:Iu

K:Xt-IXF_,_R_A_] ]J

17 PRINT l{IO, {IACI_I[I,J},J:Z,/],K, [LOLJHN[I,J],J:2,8]

106 FORi-iAI [3X,/Ao,I__>,_X,F7.a,3X,F9.4,5^,FS.2,SX,FiO.4,4X,Fb.2,_X,Fg.2

i,SY,, Fb.;']

PR _,_T 10/. [SLi!411 J,i:;,_)

107 FOR',IAF [1,7_1 IC}FALS,21X,Fg.4,5X,Fg.4,4X,F7.2,3X,FI2.4,3X,FG.2,3X,

1Fll. R,4X,Ft_.2,////]

130 30 I=blJ,_O_ALT

K:XFIXF[_A4__Ar i s]

30 PREr.IT 10,, [ [AL;I_J[I,J],J=I,7},R, [CI2LuMN[I,J],J:2,3],COLUMN[ 1,5] ,COL

lllMiXj[ I , 7 ]

108 FORHAT [1X, /Ao, ;d,e,K,FY.4,_X,Fg.4,16X,FlO.4,14X,Fg.2]

86 PRI;JT 10_ XStJM

109 FORFIAI [/,3'_X,2/HiOTAL ,-411ROGE'i - MICNOL_RAMS,13x,F12.2]

GO Tn [176,]Sj,JL.S_,l

178 DO 1_,0 K:I,,4flACII)

_.o0 XUOL { K ] :CULU_41_ [#., # ]

J:NOACIO+I

XCOL(J]:RU_t[5!

DO 161 It--._I,r'._JSALI"

J-J÷1

161 XCQL [ j ] : COcO_,'_ [ t'_, _ 1

XCtlL [ J+l ] : COLd.Vi:_ [ ._U _ .6J

L ] ,.M=NI)SAL I-r4OAC _ ;J-46



1_4

102

_0

193

190

- 32 -

DO 162 [:LL,/
M:t,,, I
KM=H-4

IF {N-LIF:J &_5_-,i02,16_

M=LIM
PLI_CH 1_3o [Ir_U['J;_O[J],J:I,*],Ip[X_OL[K],K=KM,M]

GO Ill la

IF ISFi\_S_ _;WI_CM 21 191,190

PR INT 19._

Ft)R_IAi [huHICHAiJGE _TANDARL) AREAS ..... TOGGLE ZERO

PAUSE
GO _ {) 1_2

CALL EX I T

ENU

TO CONTINUE/1H1]
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